We report the first experimental observation of superconductivity in Cd3As2 thin films without application of external pressure. Surface studies suggest that the observed transport characteristics are related to the polycrystalline continuous part of investigated films with homogeneous distribution of elements and the Cd-to-As ratio close to stoichiometric Cd3As2. The latter is also supported by Raman spectra of the studied films, which are similar to those of Cd3As2 single crystals. The formation of superconducting phase in films under study is confirmed by the characteristic behavior of temperature and magnetic field dependence of samples resistances, as well as by the presence of pronounced zero-resistance plateaux in dV /dI characteristics. The corresponding Hc−Tc plots reveal a clearly pronounced linear behavior within the intermediate temperature range, similar to that observed for bulk Cd3As2 and Bi2Se3 films under pressure, suggesting the possibility of nontrivial pairing in the films under investigation. We discuss a possible role of sample inhomogeneities and crystal strains in the observed phenomena.
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Weyl and Dirac semimetals (WSM and DSM) currently attract wide interest related to the existence of Dirac nodes in their electron spectrum and related nontrivial topological characteristics of both bulk and surface states [1] [2] [3] . A special attention is drawn to the Cd 3 As 2 compound, which proved to be air-stable, unlike some other DSM materials [4] [5] [6] [7] [8] . This compound is known and has been studied for quite a long time [9] [10] [11] [12] . Nevertheless, it is still very popular since the Dirac nodes of this semimetal are protected by the crystal symmetry and the electron states exhibit interesting topological properties, such as spin-momentum locking. Due to the high symmetry, DSM materials can undergo transitions to other topological phases (e.g. WSM) as a result of breaking certain symmetries or applying some external factors.
The existence of topologically protected electron states gives a new impetus to the problem of topological superconductivity (TSC) being discussed for a long time [13] [14] [15] . In particular, Refs. [16, 17] provide a theoretical analysis of the possible types of SC pairing in the systems of Cd 3 As 2 type, including topologically nontrivial ones. Basically, the existence of nontrivial pairing potential (leading to the emergence of triplet Cooper pairs) should induce the formation of Majoranna modes at the surface of the crystal, which can be used in the faulttolerant quantum computing [14] . The SC phase emergence in Cd 3 As 2 was reported in Ref. [18] , however, it was observed at pressures above the structural transition from the tetragonal to trigonal phase. While theoretical works suggest the stabilization of TSC phase upon such symmetry lowering [16, 17] , such transition also implies appearance of the gap at Dirac nodes, thus, suppressing the DSM phase. Additional indications of the SC phase in Cd 3 As 2 were also observed in the point-contact spectroscopy experiments and attributed to the local crystal distortions under point-contact [19, 20] . It is important to note, that up to now, all indications of the SC phase emergence in Cd 3 As 2 were related either to the pressureinduced structural changes or to the proximity effect with the conventional s-wave SC [21, 22] . Recent studies of Cd 3 As 2 thin films outlined their specific features. The observation of quantum Hall state [23, 24] and consecutive analysis of magnetoresistance of Cd 3 As 2 films suggest the existence of closed Fermi loops (Weyl orbits) related to the surface states, below some critical thickness [25, 26] . Thus, superconducting Cd 3 As 2 thin film with nontrivial pairing (TSC state) should yield surface Majoranna modes, which, however, can be modified (in comparison to the bulk crystal [16] ) due to interaction of opposite surfaces.
In the previous studies bulk Cd 3 As 2 has not exhibited any indications of superconductivity except that arising at extremely high pressure. In contrast to this, we have observed superconductivity in Cd 3 As 2 thin films without external compression. We argue that the observed phenomena cannot be related to any parasitic effects and it have certain similarities to the previously observed SC in Cd 3 As 2 under pressure [18] , suggesting the possible presence of nontrivial pairing in the studied films.
The films under study were deposited by magnetron sputtering. Single crystals of Cd 3 As 2 used for sputtering were grown by vapor phase deposition from high-purity initial components. In this paper, we present the results for three films, deposited on Si and Al 2 O 3 substrates and shaped into Hall bar geometry with a mm-scale conduction channel.
The initial surface studies of the grown films were conducted using the scanning electron microscope (SEM) JSM-6610LV (Jeol, Japan) with the additional X-Max N module (Oxford Instruments, UK) for energy-dispersive X-ray spectroscopy (EDXS). For imaging, we used detectors for secondary and backscattered electrons. The additional studies were performed using atomic-force microscope (AFM) SmartSPM 1000 (AIST NT, USA). Raman spectra were recorded at room temperature using combined scanning probe microscopy system with the confocal fluorescence spectrometer and Raman spectrometer OmegaScope TM (AIST NT, USA). For excitation we used a laser with 532 nm wavelength, power of 50 mW, and the focused light spot at the sample surface of about 500 nm. The spectral resolution was 0.8 cm −1 . To eliminate all uncertainties related to the experimental artefacts in measurements of the transport properties of the samples, we used two different setups. Samples A and B were studied using a cryogen-free dilution refrigerator BF-LD250 with a 1 Tesla magnet (BlueFors, Finland) at the Lebedev Shared Facility Center, Moscow, Russian Federation. Those experiments were performed by the conventional low-frequency (7.142 Hz) lock-in four-probe method with measurement currents (of the order of 100 nA) considerably lower than critical values obtained for studied films. Sample C was studied using a 20 Tesla superconducting magnet with a dilution refrigerator (SCM1) at the National High Magnetic Field Laboratory, Tallahassee, Florida, USA. There a Model 372 ac resistance bridge with a preamp 3708 (Lake Shore Cryotronics, Inc., USA) was used for magnetoresistance testing by the four-probe method at current 316 nA. Measurements of the differential resistance dV/dI were performed utilizing a current source Model 6221 and a nanovoltmeter Model 2182A (Tektronix, Inc., USA).
SEM images of the studied films reveal similar surface morphology. The EDX mapping reveals a homogeneous distribution of components, implying that transport characteristics of the film are related solely to the Cd-As binary system. The EDXS demonstrates that at µm scale, the Cd-to-As ratio is close to stoichiometric Cd 3 As 2 within the 2% accuracy. The presence of Cd 3 As 2 phase is also supported by the Raman spectroscopy results. A typical Raman spectrum for studied films reveal the presence of two distinct peaks similar to those observed for Cd 3 As 2 nanocrystallites [27] and thin films [28] . Surface morphology of studied samples determined via AFM suggests the polycrystalline structure of the bulk of films under investigation. The thickness of studied films determined by AFM is 40-50 nm for samples A and C, and about 80 nm for sample B. Transport measurements of the studied films reveal the clearly pronounced SC transition below 0.5 K. In Fig. 1a , we show the temperature dependence of resistance for sample A at various values of the transverse magnetic field. As one can see, there is a distinct resistance drop (to almost zero value) that shifts to the lower temperatures upon increasing magnetic field, which supports the assumption of SC phase emergence. Sample B demonstrates analogous behavior (see Fig. 2a ). The actual transition regions are rather broad, which agrees well with the polycrystalline structure of the films.
The dV /dI characteristics for sample C measured at various temperatures clearly demonstrate zero-resistance plateaux (Fig. 3a) . The critical current values, I c , decrease as the temperature approaches T c (Fig. 3b) . However, at the lowest temperatures I c appears to be temperature-independent. The magnetoresistance (MR) of sample C exhibits typical features of field induced SCto-normal state transition (Figs. 4a and 4b) . As the temperature increases, the zero-field resistance becomes higher, although the shape of MR curves remains similar. We clearly observe the anisotropy of critical magnetic field -H c values for longitudinal field are considerably higher than those for transverse field, which is common for thin SC films.
Assuming that H c corresponds to the 50% resistance drop of its normal value (midpoint), we obtained H c − T c diagrams for the studied samples (Figs. 1b, 2b , and 4c).
To characterize the observed SC state, we applied the conventional formula describing the decrease in the critical magnetic field, H c , upon increasing the temperature below critical value T c :
Here, α = 2; β = 1 corresponds to the common BardeenCooper-Schrieffer (BCS) theory at low temperatures, while the Ginzburg-Landau (G-L) theory suggests α = 1; β = 1 to describe the temperature dependence of upper critical field, H c2 , in type-II SC close to T c . It is important to note that the presented H c − T c diagrams for studied samples cannot be approximated well by Eq.
(1) with α = 2; β = 1. However, in the intermediate temperature range, the obtained diagrams can be effectively described with linear function (α = 1; β = 1) as it is shown in the corresponding figures. The deviations from this line in the vicinity of T c (samples A and B) and lowtemperature saturation (sample C) requires additional investigation and can be related to the polycrystallinity of studied films. Nevertheless, the overall behavior of H c − T c diagrams for transverse and longitudinal magnetic fields is essentially the same. It is worth mentioning that there is no qualitative difference if we ascribe T c and H c to the 90% value of normal state resistance (see Fig. 1b ). The absence of elemental segregation (confirmed by EDXS results) implies that the observed SC phase cannot be attributed to the elemental Cd, which is a classical SC with T c = 0.56 K and H c ≈ 30 Oe [29, 30] (also, the H c values for studied films are substantially higher, e.g. for sample A the transverse H c ≈ 350 Oe). Additionally, due to relatively large sizes of conducting channel, the observed SC cannot be related to an influence of the contact regions. Thus, we can conclude that the observed SC phase emerges within Cd-As binary system with the elemental ratio close to stoichiometric Cd 3 As 2 compound. Alongside with the observed features in Raman spectra (inherent to the Cd 3 As 2 crystal phase), this suggests a possible coexistence of SC and DSM phase within studied films, which can support the formation of surface Majoranna modes [16, 17] .
Originally, the G-L theory describes SC in the vicinity of T c . However, fairly often it is applied in the much broader temperature range [31] . In our study, application of the G-L theory implies that transverse H c values extrapolated to zero temperature can be used for the estimation of coherence length ξ (H c (0) = φ 0 /(2πξ 2 ), φ 0 -magnetic flux quantum). For sample C, we obtain ξ ≈ 100 nm (for the midpoint H c value), which is twice as high as the film thickness. The latter suggests that the observed SC should be two-dimensional, and the corresponding H c − T c diagram for longitudinal field should follow Eq. (1) with α = 1; β = 1/2 [32] . The temperature range, where this type of H c − T c correlation should be observed, depends on various parameters of the film [33] . Thus, the absence of such behavior for studied films suggest that it may be very narrow. On the other hand, the isotropic linear character of H c (T ) dependeces may also indicate that some additional effects are relevant in our case. A more general approach, described in Ref. [34] , suggests that linear H c − T c relation in the wide temperature range can be observed for systems with strong pairing interaction. According to the phase diagram of SC in Cd 3 As 2 [15, 17] , the type of pairing potential (evenor odd-parity) depends not on the integral strength of ee attraction, but rather on the relation between intraand inter-orbital components. However, in the studies of pressure-induced SC in Cd 3 As 2 [18] and Bi 2 Se 3 [35, 36] , the linear character of H c − T c diagram (alongside with the saturation of pressure dependence of T c ) was considered as a signature of nontrivial pairing (of odd-parity). Thus, the obtained H c − T c diagrams with pronounced linear behavior may indicate the presence of odd-parity pairing potential in studied films, which, of course, requires more detailed experimental verification.
From the conventional point of view, the SC phase emergence in our case is favored due to high electron densities (the Hall concentrations for studied films are about 8 ÷ 12 · 10 18 cm −3 ). It implies that the Fermi level lies substantially higher than the Lifshitz transition of pristine Cd 3 As 2 single crystals, meaning that transport features of DSM phase might be damped, although the band structure may preserve the nonzero Berry curvature [37] . Nevertheless, the substantial increase in the electron density in topological materials always precedes the SC phase emergence, which, however, is argued to sustain topological features [18, 35, 36] . Considering the fact that high quality Cd 3 As 2 single crystalline films studied in similar temperature range did not exhibit any SC transition [26] , we assume that the SC phase in our case results from possible crystal structure distortions.
Knowing that intrinsic SC emergence in Cd 3 As 2 is induced by pressure [18] [19] [20] , we also tend to assume that the observed SC can be affected by strain existing within a film (e.g. due to polycrystalline character). Due to relatively small thickness of the studied films, such strain can be also related to the difference of the coefficients of thermal expansion (CTE) of the substrate and the film. At room temperature, Cd 3 As 2 is characterized by large CTE value of about α CdAs ∼ 11.8 ÷ 12.4 · 10 −6 K −1 . It decreases with the temperature as it is for normal metal [38] . Al 2 O 3 has anisotropic CTE (from α = 6.7 · 10 −6 K −1 to α ⊥ = 5.0 · 10 −6 K −1 ) at room temperature [39] . Si has smaller CTE at room temperatures (α Si = 2.54 · 10 −6 K −1 ) and exhibits even negative values at lower temperatures, 110 ÷ 20 K [40] . Thus, as the temperature decreases, the Al 2 O 3 substrate contracts less, and the Si substrate contracts even much less than the Cd 3 As 2 film. As a result, studied samples should experience the tensile strain in the temperature range under study. We did not manage to find either the experimental or theoretical studies of Cd 3 As 2 phase diagram under negative pressures, making it hard to predict the effect of such strain. We observed close values of T c ≈ 190 mK (midpoint) for samples A and B with substantially different width of SC transition. Moreover, preliminary studies of films deposited at the same conditions on the fused quartz substrates (with α ≪ α Si ) revealed the absence of SC transition down to 40 mK. Thus, it is clear that the substrate strongly affects the emergent SC state in studied films. However, to elucidate all relevant effects, an additional investigation is highly needed.
It is important to note that the indications of surface SC in Cd 3 As 2 single crystals was recently reported [41] . The apparent difference is that we observed almost zero resistance of the whole film, while the authors of Ref. [41] dealt with the 10% drop of differential resistance measured at the sample surface. Whereas this difference is probably related to the small thickness of studied films, the properties of Majorana modes in our case can be different from those of single DSM surface [17] due to Weyl orbit formation.
In this Letter, we report the first experimental observation of superconductivity emergence in cadmium arsenide films without any applied pressure. The superconducting nature of the transition observed in R(T ) dependence is justified by differential resistance and magnetoresistance measurements, providing temperature dependence of corresponding critical parameters (I c and H c ). We argue that the observed phenomena cannot be attributed to any parasitic effects such as elemental Cd segregation or any effects related to contact regions. The observed SC state is characterized by H c − T c diagrams with a pronounced linear regions at intermediate temperatures for both the transverse and longitudinal magnetic fields. The deviations from overall linear dependence at low temperatures and close to T c can be related to the polycrystallinity of studied films. Similar linear H c (T ) dependence was considered as a signature of nontrivial pairing potential in bulk Cd 3 As 2 and Bi 2 Se 3 films under pressure. Theory suggests that such pairing potential should result in the formation of surface Majoranna modes. Favored by high electron densities, the observed superconducting state can emerge due to distortion of the film crystal structure, which arises during the deposition procedure using the magnetron sputtering. We argue that this SC state can be affected by various strains arising in the films under study. We also note that similar films deposited on fused quartz substrates do not exhibit the superconducting state emergence down to 40 mK. Thus, it is possible to substantially affect the observed SC state. The latter indicates that the investigated systems might be a promising platform for studies of topological superconductivity. theoretical analysis, performed by V.M.P., was supported by Russian Foundation for Basic Research, grant No. 16-29-03330. 
